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(*) Radiation fixing device. 



© Radiation fixing device for fixing a powder image 
on a sheet with the aid of heat-radiating lamellae (15, 
16) which extend on both sides of a horizontal sheet 
conveyor path. The heat-radiating lamellae (15, 16) 
are situated in a housing (1) having slot-shaped 
openings (7, 8) through which a sheet is fed into and 



out of the" housing (1).' Air flow openings (30, 31)Tare : ? 777/ 
made in the base of the housing (1) for automatically / * - 
activating an air flow through the housing (1) by. 
means of natural convection, in areas adjacent to a ■"■ 
sheet moving through the housing/ 
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The invention relates to a fixing device for 
fixing a powder image on a support by means of 
radiant heat during their movement through a con- 
veyor path extending in a horizontal direction, com- 
prising a housing containing heat radiators and 
haying two slot-shaped openings which are dis- 
posed opposite each other and between which the 
conveyor path extends, and an air duct formed in 
the housing and extending across the width of the 
conveyor path and serving to remove heat from the 
housing by means of air flowing through the air 
. duct, .'.v.-; • 
A fixing device of this kind is known from US 
patent 4 088 868 in which a radiation fixing device 
is described which has a heat radiating energy 
source above the conveyor path and an air duct 
beneath the conveyor path. A forced air flow can 
be locally activated in the air duct by means of a 
continuously working air extractor. For that 'pur- 
pose, temperature detectors are placed at various 
points in the housing and are each connected to air 
valves located in the air duct at points each cor- 
responding to one of the temperature detectors, 
:. . m ^ kin 9 ,a connection between the air duct and the 
air extractor in response to a temperature detected 
; , by, the temperature detector. 

In addition to the need for having a continuously 
•^{working;; air extractor, the known device aiso has ' 
't- ffi e "disadvantage that the more points there are for 
v controlling the temperature; the more temperature 
detector/air valve combinations are necessary, 

which makes for a complicated and expensive con- 
struction. . 

'/^T^^T. pbiect of the invention is to provide a 

. deyjc» :! as defined in the preamble, without 

.Hj^^K disadvantages: According ' to the invention 

this i object. js achieved in that "'the air duct' forms a*': 

:C fixed open; connection between, on the one hand, 

J an air inflow opening formed in the housing and 

;,- situated at, a lower level than at least one of the 

. slot-shaped openings and. on the other hand, the 

said higher slot-shaped opening: Consequently, the 

.:; a>..ftow; jarises,; as a- result of ;.riitjjraK convection, 

J ..which makes- an air," exfractor or otheif^echanicar " 

air displacement device superfluous: In addition, a " 

support which- moves through the • fixing : device I 

..interrupts the air flow so that heat extraction via the 
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Ivfe-fe ?{J>?at extraction via the support - more heat- 
is present. ' 

O . In an attractive embodiment of a device ac- 
cording, to tt^ invention, at least one of the heat 
radiators is located in the air duct, surrounded by 
flowing air As a result, the heat transfer of this heat, 
radiator to a support moving through the:' fixing 
device becomes more effective since in addition to 
heat transfer by radiation, heat transfer also occurs 
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by convection. In this way, a lower temperature of 
the heat radiators is sufficient for fixing a powder 
image on a support. 

In a further attractive embodiment of a fixing 
device according to the invention, the heat radiator 
located in the air duct is connected to an external 
energy source. As a result, the effective heat out- 
put from this heat radiator continues unrestrained 
during the transport of a support through the fixing 
device. A restriction of the heat output would occur 
if only the heat radiator(s) above the conveyor path 
was/were connected to an external energy source. 

In another attractive embodiment of a device 
according to the invention, a heat radiator located 
in the air duct comprises a number of heat emitting 
jamellae which are disposed at a short distance 
from one another and extend alternately in two 
planes which are at different distances from the 
conveyor path. As a result and in combination with 
natural convection from the air flowing through the 
. housing, a very effective heat extraction takes , 
place adjacent to a support moving through the 
housing: 

■'. The invention will hereinafter be explained with 
reference to a number of embodiments and the 
• accompanying drawings wherein: / \ ; 

Fig.-. T \s> a section of a first embodiment of a 1 
\ radiation fixing device according to the inveri- " 
tion, • 
Fig. 2 is a section of a second embodiment of a 
radiation fixing, device according to the inven- 
. .tion, ": • ':■ 

Fig. 3 is a graphic representation of temperature, 
profiles obtained with a first variant of the sec- 
ond embodiment in a direction transverse to the 
direction of. transport of a support through the 
radiation fixing device, and. l : 
• R 9- 4 'S a graphic representation of temperature 
• profiles obtained with a second variant of the 
. second embodiment in a direction transverse to 

. the direction of transport of a support through '■■ . 
- : the radiation fixing device. . ' 
■ The. radiation fixing device shown in Fig! 1 is 
f ° r med by a box shaped housing r u with external 
walls forming a guard 2 with a horizontal underside 
; 3, a horizontal upper side . 4 and four vertical side 
walls; In two opposite side walls 5 and 6 of theC 
gyard 2 are slot-shaped openings 7 and 8 respec- , 
:. fcyely* which extend across" : the;;wifiVe' width : ; of the" 
said side walls at a point half-way up ^ the side walls 
5 and 6, and have a width of 6 mm and a length of . 
900 mm. Outside the housing 1 and close to the 
slot-shaped openings 7 and 8, conveyor rollers 10 
and 11 respectively are provided for feeding a 
sheet with an electrophotographically produced 
powder image through a. conveyor path in the 
housing 1. The conveyor path in the housing 1 is . 
formed by sheet guide wires 13 and 14 which 
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stretch respectively under and over the conveyor 
path between the side walls 5 and 6 in a direction 
which forms an acute angle with the direction of 
transport of a sheet through the housing L.The 
distance between the wires 13 and 14 is greater at 5 
the slot-shaped opening 7 where a sheet enters the 
housing 1 than at the slot-shaped opening 8 where 

. the sheet deaves the housing. -The sheet guide . ..- . 

..wires .13 .and 14 are made of 0.4 mm thick stain- ~" 
Iess : steel. Lamellae 15 are disposed beneath the r/ ^jo 
sheet guide wires .13 which form , the underside of ..'-.".7***" 
the sheet conveyor path, and form a lower -radiator, : i ;-i 
and lamellae 16 are provided above the sheet c-- jV."; 
guide wires 14 which form the .upper side of the ; * } 
sheet conveyor path, arid form an upper radiator. ;: 
The lamellae 15 and 16 consist of 9 mm wide and .. . 

. 0.05 mm thick -strips of stainless Cr.Ni steel in . 
which grooves haying a width of 1 mm are formed, c 
The sides of the lamellae 15 and 16 facing one 
another are sprayed black with a layer of heat-. . 
resistant varnish. ,\ >'.- \y\ •>:'... ... *"*;' " ".v 

Adjacent, lamellae' in the lower and upper radiators 

. are fixed at the ends in ceramic blocks 17, 18 and 
19, 20, respectively, which are situated inside the 
side. walls 5 and 6. Glass rods 21 and 22 having a 25. 

.diameter of 6 mm are disposed between the lamel; : 
lae of the lower radiator' and near to their ends, and 

J<eep the lamellae of the lower radiator alternately . . 

in two. planes which lie at different distances from 

the sheet conveyor path. The distance between the 30 

, lower and upper radiators is approximately 25 mm. * , r v 
The lamellae 15 arid 16 are connected in series in 
order to achieve an electrical resistance in both 
lower and upper. radiators of 20 Ohm when cold 
and 24 Ohm when warm. Each lamella possesses 35 
two V-shaped depressions 23 and 24 for mounting . 
each lamella with such a mechanical bias that it . 
does not bow upon extension caused by rise of 
temperature. The protective guard 2 is fitted on the 
inside with a layer of heat-insulating material 26. A 40 
heat-reflecting plate, 27 and 28 respectively, made 
of 1 mm thick reflective aluminium, is fitted be- 
neath the lower radiator and above the upper radia- 
tor. 

A row of 20 round holes 30 having a diameter of 40 45 
mm is formed in the underside 3 of the housing 1 
and near to the slot-shaped opening 7 where a 
sheet enters, the holes being placed at regular 
intervals from one another. A row of 23 square 
holes 31 each having sides of 32 mm is provided so 
in the heat-reflecting plate 27 half-way between the 
side walls 5 and 6 and also at regular intervals 
from one another. 

A temperature detector 32 in the form of a Ni-CrNi 
thermocouple fixed centrally in the housing to a 55. 
lamella of the lower radiator on a side away from 
the conveyor path, serves to regulate the energy 
supply to the radiators! Since the single tempera^ 



hire detector 32 is placed centrally in the housing 

1, namely at a point along which all sheets pass, 

when central sheet feeding occurs, temperature 

regulation of the radiators functions irrespective of 

the width of the sheets fed through the radiation, 

fixing device. When a sheet narrower than the . k: : '\ 

"working width of the radiation fixing device is fed 'J*$&k3$£ 




atiph fixing device than a narrower sheet, given ah ' 
equal energy supply to the radiators, more" heat will ■ v^V: 
-:• remain in the housing when a narrower sheet is fed v-^^":?; 
through. This excess heat occurs. on both sides of ;.^v^li;\ ; ^ 
,the narrower sheet with the result that the tempera- . 
ture there can increase to a : higher level than the / 
temperature recorded by the temperature detector \ 
32 in 'the centre of the housing ir% .'yf'yS -A; ; '"•}/:' /y '^p.: '' 
As a result of the holes 30 and 31. which have been-'**./ 
made, the relatively warm : air ^at -points iwhere a .*..'*. 
sheet does not close off the slot-shaped openings - . / - 
7 and 8 can escape from the housing as a result of . r » . 
natural convection Jand be •replaced iby /relatively > : : 




powder -image 
receiving . material, 

which the temperati... ... 

fixing device touched .by a sheet/ remains clearly 
below a* level ' which may not be exceeded for ' . 
reasons of fire safety, for example 325* C. 
With a radiator output of 1500 W and a sheet • v- 
. transport speed of 3 m/min, it takes 15 seconds : 
after, being switched on for the radiation fixing 
device shown in Fig. 1 to reach a situation at which 
the radiator temperature is 250'C and a 75 '^v - :.':' *' 
gram/m 2 sheet of receiving material : fed through ; v^ ^y 
reaches a temperature which is sufficient for fixing •«'. 
a powder image. . '.' ;s>^^ : S;& 

Without natural convection via holes 30 and 31"wv'^%J"$f:"C- 
the underside of the housing 1 {and* slot-shaped }^y{i^f : ' 
openings 8 and 7 - achieved by blocking the _ holes' 1^: &fk?i* 
30 - when sheets 420 mm wide are fed central ly^a/y^y.^ 
temperature of approximately 400 *C is recorded • r.;-.^ 
on the sides in the housing 1, which is in excess of ' -• -r£/i. ' '; 
the self-combustion temperature of paper which is " " 
determined to be 375* C. • 

With natural convection via holes 30 and 31 and 
notably output slot 8, when all other conditions' 
correspond, the same fixing situation is already 
reached at a radiator temperature of 220 *C as that - 
reached without natural convection only at a radia- 
: tor temperature of 250 * . Clearly, heat from convec- . j£i' m 



5 



EP 0 586 007 A1 



6 



tlon contributes to heating the sheet to a tempera- 
ture necessary for the fixing process. For 110 
gram/m 2 receiving material, the radiator tempera- 
tures are 300 -C without convection and 260 *C 
with natural convection. In addition, the radiator 5 
temperature at the sides in the housing 1 remains 
less than 335 • C when narrow 75 gram/m 2 sheets 
are fed through and the temperature of the radia- 
tors is regulated to 250 *C and less than 400 'C 
when narrow sheets of 100 gram/m 2 are fed io 
through and the temperature of the radiators is 
regulated to 270 -C. When forced convection is 
applied by; using a ventilator to blow air through 
holes; 30, a higher maximum radiator temperature 
is measured on the sides in the housing 1 than 75 
when natural convection is applied. With forced 
convection, when 420 mm wide receiving material 
of 110 gram/m 2 is fed through and the temperature 
is regulated to 275 'C, a maximum radiator tem- 
perature of over 380 • C is measured on the sides, . 20 
whereas with natural convection under the same 
conditions, a 20 *C. lower maximum radiator tem- 
perature is measured at the sides in the housing. 
In addition^ when glass rods 21, 22 between the 
lower radiator lamellae are absent, a higher maxi- 25 
^mum,^ the 
sides. Clearly, at points of the radiation fixing de- 
* .yfte*. iap^fdj[ng^'toirthe invention not touched by 
.^i^iyf^'m^^^.'t^ere is better heat extraction on 
; acc ? unt °f| the larger discharge surface with the 30 
lamellae 15 being staggered alternately. The tem- 
perature to: which the radiators need to be regu- 
lated with the aid of the temperature detector 32 in 
a warmed-up fixing device is approximately 250 *C , 
for processing i 10 gram/m 2 receiving materia! with 35 
a relative humidity C of 20% and approximately 
300 * C for that with a relative humidity of 80%. 
The maximum temperature of parts of the fixing., . 
device not touched by receiving material is 320.' C. 
When the still cold radiation fixing device shown in . 40; 
Fig. 1 is switched on, the temperature to which the * 
radiators, have to be regulated for processing 110 . 
. 0 r ^n' inn ?* -.f^^M"©." ijiatorial . with a relative humidify j 1 
of 20%' is ^pprp^imately , 275 * C. apprbximatelyiiv^i; 
v?§*P fixing:^. 
- de^c^^TT^^ of parts of the 1 ki 

material is \ri£J 
mis.: caso ^approximately. 360 • C, lower therefore 
. .^^^\4^.^X™4^^-H*^V : .f^^f^^^turfe of 375.* C. at which 
..?^)lf^^6uistion" of. the receiving material is found: . 

..J 0 ® embodiment of a radiation fixing device 
according to the invention shown in Fig. 2, has, 
viewed in the direction of sheet transport, an effec- 
tive length longer than the effective length of the 
radiation fixing device shown in Rg. 1, namely 55 
approximately 200 mm as opposed to approxi- 
mately 140 mm. A radiation fixing device with a 
longer effective length can be operated with a- . , 
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lower temperature of the radiators. 
Corresponding parts of the radiation fixing devices 
shown in Figs. 1 and 2 are indicated by the same 
reference numbers. 

An important difference between the two radiation 
fixing devices is that the radiator lamellae 15 and 
16 in the device shown in Fig. 2 extend trans- 
versejy with respect to the direction of sheet trans- 
port, the lamellae suspensions lying on both sides 
of the sheet conveyor path so as to achieve a 
better use of the length of the radiation fixing 
device in the direction of sheet transport. 
The lamellae 15 and 16 are each formed from a 
9.6 mm wide strip of stainless steel which runs in a 
meandrous path through the housing 1, the lower 
radiator being a 0.05 mm thick strip and the upper 
radiator being a 0.04 mm thick strip of equal 
length. 

When connected to 220 V, the lower radiator deliv- 
ers a power of 970 W and the upper radiator a 
power of 780 W. The strip sections are staggered 
alternately over 4 mm in a direction perpendicular 
to the sheet conveyor path, with the exception of 
the first three strip sections on sides 5 and 6 which 
are staggered over 2mm. 

The pitch between two adjacent strip sections in 
. the direction of sheet transport is 9.2 mm, with the 
exception of the first three strip sections on sides 5 
and 6 of which the pitch is 9.8 mm. The radiator 
strip has a serration formed by pulling the strip 
through two gearwheels so as to form an alter- 
native for the two V-shaped grooves 23 and 24 in 
the radiator lamellae as shown in Fig. i.. , 
. The deviating geometry of the strip sections near 
to the slot-shaped openings 7 and 8 provides for 
an increase in localised air: flow resistance in a 
direction perpendicular to the sheet conveyor path, 
in order to lead the convection air flow in the 
housing 1- through the centre of the housing 1 
where the highest temperature prevails in order 
therefore to increase the. effectiveness of natural 
convection. W ,'; \.\ ■■;..= , . .-, 

An effective convection air flow is also achieved if . 
instead of . staggering trie lamellae alternately, the 
lameliae are placed in one row'at the same acute 
angle to the conveyor path with the 'flat sides of the:!, 
lamellae pointing towards^ the slot-shaped opening 

. To achieve- natural convection;, two rows of trans- 
versely elongated holes 36; measuring 27.5 x 50 \ - 
mm with a pitch of 65- mm are' formed in the 
underside 3 of the fixing device shown in Fig. 2 
and one row of holes 37 measuring 30 x 50 mm 
with a pitch of 65 mm is formed in the reflector 
plate 27 and on both sides thereof one row of holes 
38 measuring 15x15 mm. is formed with a pitch of 
65/3 mm. . . . ■ ' 

The longer fixing device according to Rg. 2 can be 
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operated at a radiator temperature which is 20 to 
30 *C lower than the radiator' temperature neces- 
sary in a device according to Fig. 1. For 75. 
gram/m 2 receiving material, a radiator temperature, 
of just under 200 * C is sufficient to reach during 
the sheet transit time a sheet temperature of ap- 
proximately 100*.C necessary .for fixing a powder 

. image on the said sheet.. For 110 gram/m 2 -receiv- 
ing material, a radiator temperature of just "above 
200 \C is sufficient '^M^M^^ .y ' V« '4 : 
In Figs. 3 and 4, the temperatures measured in the 
lower and upper halves of the fixing device accord-^ * 
ing to Rg. 2 are' plotted .against the distance in mm 
measured from \ the centre of the fixing device at 

• which the temperature concerned was measured. 
The measured values ; were ^ obtained wth 420 mm 
wide, 110 grarrym 2 jreceiying centraily ' 

and with the temperature to .which the radiator was 
regulated set to 200 ••C, 225 • C and 250 • C respec- 
tively. The measured values/f or the lower/half of 
the fixing device "with^the temperature adjusted to 
200* C lie on line .40 and for. the^upper half of the . 
fixing device lie on iirie'^41.--\The measured values 
for .the" lower /half .of -the [ : \fixi^X6ey\ce\.m\h the 
temperature adjusted to 225 '.C . lie on line 42 and > 

. for the upper half of the fixing device lie on line 43. 
The measured values for the lower half of the fixi ng 
device with the' temperature ' adjusted to 250 • b lie ; 
.on line .44 i and, for ";the upper . half :6f : the fixing 

'•• device i; He on line 45. The m'easurecl values Jin Fig. 
3 have been obtained,, with "'the":-width of the . slot- y 
shaped openings 7 -'and 8 :being j6 "mm : and the J 
measured values in Fig. 4 with a slot width of 14 
mm. The highest temperature measured with a slot 
width of 6 mm was approximately "340 * C on the 
side of the housing 1 (Fig. 3) and approximately 
300 " C with a slot width of 1 4 mm (Rg. .4). 

The temperature control on the sides of a 
radiation fixing device achieved by natural convec- 
tion is pre-eminently suited for application in a 
radiation fixing device, the power supply being 
equally divided over the working width and tem- 
perature regulation of the radiators only taking 
place by means of detection of the temperature * of 
the radiator in the centre of the radiation fixing 
device. By means of natural convection, an air flow 
is maintained in areas adjacent to a fed sheet, the 
air flowing from holes 30 and 31 shown in Rg. 1, 
and holes 36, 37 and 38 respectively shown in Rg. . 
2, via the radiator lamellae to the slot-shaped open- 
ings 7 and 8. As a result of these rising, air flows, 
enough relatively cool air from the surrounding 
area can flow into the device via the holes in the 
underside of the fixing device to maintain the fixing 
device well below the self-combustion temperature 
of normally used paper receiving material. 
In this way, the temperature control on the sides of 
the fixing device is self-regulated by the sheets fed . 



through, inespective of the format of the sheets fed 
in.. . . 

In addition to being fitted with a . safety device at 
the point of temperature regulation in the centre of 
the housing 1, : which is set at 240 *C for example, . 
the radiation fixing device shown in Rg. 2 . can be^ 
fitted with a safety device set at 320 vC for prevent- 
ing 
sides 
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|r 1. l$A fixing device for. fixing a powder .image on af_- 
\" w "support by*, means, of . radiant heat during 'their . , ; 
"'"■j 4 .:. \; movement through a conveyor path extending * 
. . in a horizontal direction /comprising a i housing f : 
v; (1 ) containing heat radiators (15, - 1 6) arid ; hay-^ -i 
. ing two is lot-shaped openings (7,8) which are 
. disposed ^opposite each .other and between > 
/ v ! which , tfie conveyor path" extends/ and an air .; : 
= duct formed 'in . the housing and extending .. 
.*'; across the width of the "conveyor ,path/and . 
: '* serving to remove heat from the housing (1) by' '•■ 

means of air ^.flowing f through ; the air - duct, 
.. . characterised. in that the airjduct forms a fixed / 
^pen connection betyeeh^m^ . 
air inflow opening ^30,31 ;36,37,38) ^formed j> ^ t 
the housing and stiiated >t 'S Jpwer4ey| I jtfiaiV&£: 
at least , one of the" slot-shaped openings /(7,8) ^ 
;i and, on the 'other >- " ~' J L t '' T ' "-"-*'*■■'- 
s jot-shaped bperiii 
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A fixing device according to claim ^ 1,tcharac-i; 
.terised in that at least one of the heat radiators ; ' . 
(15, 16) js located in the air duct and is sur-T": 
rounded by flowing air" 

A fixing device according to claim 2, charac-' 
terised in that the heat radiator (15, 16) located 
in the air duct is connected to an external 
energy source. 

A fixing device according to cjaim .2 , or 3, 
characterised in that the heat radiator '(15) jo-*;' * 
cated in the air duct comprises a number of 
heat-radiating lamellae which are disposed at a 
short distance from one another and . extend 
alternately in two planes which are at different 
distances from the conveyor path. 

A fixing device according to claim 4, charac- 
terised in that the heat-radiating lamellae are 
closer together In an area near at least one of 
the slot shaped openings (7,8) than in an area 
further away from said slot-shaped ^opening 

,(7,8). • .' • . ; - : . • 
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6. A fixing device according to claim 2 or 3, 
characterised in that the heat-radiator (15. 16) 
located in the air duct comprises a number of 
closely spaced heat-radiating lamellae which 
are at the same distance from the conveyor 
path and form an acute angle therewith. 
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□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
I^GRAY SCALE DOCUMENTS 

ETlINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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